The potential effects of flavonoids, phenylethanoid and neolignan glycosides from the aerial parts of Verbascum salviifolium Boiss. were studied in the p-benzoquinone-induced writhing reflex, for the assessment of the antinociceptive activity, and in carrageenan-and PGE1-induced hind paw edema and 12-O-tetradecanoyl-13-acetate (TPA)-induced ear edema models in mice, for the assessment of the anti-inflammatory activity. Through bioassay-guided fractionation and isolation procedures ten compounds from the aqueous extract of the plant, luteolin 7-O-glucoside (1), luteolin 3Ј-O-glucoside (2), apigenin 7-O-glucoside (3), chrysoeriol 7-O-glucoside (4), -hydroxyacteoside (5), martynoside (6), forsythoside B (7), angoroside A (8), dehydrodiconiferyl alcohol-9Ј-O--d-glucopyranoside (9) and dehydrodiconiferyl alcohol-9-O--d-glucopyranoside (10), were isolated and their structures were elucidated by spectral techniques. Results have shown that 1, 2, 3 and 5 significantly inhibited carrageenaninduced paw edema at a 200 mg/kg dose, while 1, 2 and 5 also displayed anti-inflammatory activity against the PGE1-induced hind paw edema model. However, all the compounds showed no effect in the TPA-induced ear edema model. The compounds 1 and 2 also exhibited significant antinociceptive activity.
Introduction
Despite progress within medicinal research during the past decades, the treatment of many serious diseases remains problematic (Bohlin, 1995) . Chronic inflammatory diseases remain one of the world's major health problems (Yesilada et al., 1997) . Currently, both steroidal and nonsteroidal anti-inflammatory drugs (NSAIDs) are used in the treatment of inflammatory disorders. Steroids have an obvious role in the treatment of inflammatory diseases, but, due to rate limiting toxicities, can only be prescribed over short periods except for very severe cases where the risks are acceptable. Prolonged use of NSAIDs is also associated with severe side effects, notably gastrointestinal haemorrhage (Miller, 1983; Robert et al., 1979) . The recently developed cyclooxygenase-2 (COX-2)-selective drugs introduced into therapy, however, do not seem to be free of risks (Wallace et al., 1998) . Consequently, there is a need to de-0939Ð5075/2008/0300Ð0196 $ 06.00 " 2008 Verlag der Zeitschrift für Naturforschung, Tübingen · http://www.znaturforsch.com · D velop new anti-inflammatory agents with minimum side effects.
The genus Verbascum (Scrophulariaceae) is represented by 228 species in the flora of Turkey and 185 species are recorded as endemic. Verbascum salviifolium is a perennial and eglandular herb growing up to 30Ð60 cm on steppes and dry slopes at elevations of 300Ð1400 m, and it is one of the endemic species in Anatolia (Huber-Morath, 1978) . The leaves, flowers and whole aerial parts of Verbascum L. species have been used in traditional Turkish medicine to treat respiratory problems in particular to ease cough in bronchitis as well as eczema and other types of inflammatory skin conditions (Baytop, 1999) . They have also been widely utilized as a folk medicine to have a soothing and anti-inflammatory effect on the urinary tract (Turker and Camper, 2002) .
Phytochemical studies on Verbascum salviifolium have revealed the presence of phenolic com-pounds. They were reported to possess radical scavenging activity on the 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical in a TLC-autographic assay (Akdemir et al., 2003 (Akdemir et al., , 2004 . These phenolic compounds are also of particular interest because of their important roles in cardiovascular disease, aging, cancer and inflammatory disorders.
In the current study, we aimed to evaluate the anti-inflammatory and antinociceptive activities of the isolated components obtained through bioassay-guided procedures from Verbascum salviifolium by using carrageenan-and PGE1-induced hind paw edema and 12-O-tetradecanoyl-13-acetate (TPA)-induced ear edema as well as p-benzoquinone-induced writhing models in mice.
Material and Methods

Plant material
Verbascum salviifolium Boiss. (Scrophulariaceae) was collected at Burdur, Yesilova, southwest of Burdur Lake, 880 m, in June 2002. A specimen of the original collection can be found in the herbarium of the Pharmacognosy Department, Faculty of Pharmacy, Hacettepe University, Ankara, Turkey (I. I. Tatli !, HUEF 02003).
Bioassay-guided fractionation and isolation of the compounds
Chromatographic separation and isolation of the active constituents
The air-dried and powdered aerial parts of Verbascum salviifolium (339.08 g) were extracted twice with MeOH (2 ¥ 2000 ml) at 40 ∞C. 
Structure elucidation of the compounds 1Ð10
Structure elucidation of the isolated compounds 1Ð10 was carried out by spectral techniques; UV, IR, 1D-and 2D-NMR and mass spectroscopy (HR-ESIMS) detailed data were recently submitted elsewhere (Akdemir et al., 2003 (Akdemir et al., , 2004 . The structures of compounds 1Ð10 were as follows ( 
Pharmacological procedures
Animals
Male Swiss albino mice (20Ð25 g) were purchased from the animal breeding laboratories of Refik Saydam Central Institute of Health, Ankara, Turkey. The animals left for 2 d for acclimatization to animal room conditions were maintained on standard pellet diet and water ad libitum. The food was withdrawn on the day before the experiment, but free access to water was allowed. A minimum of six animals was used in each group. Throughout the experiments, animals were processed according to the suggested ethical guidelines for the care of laboratory animals.
Preparation of test samples for bioassay
After suspending in a mixture of distilled H 2 O and 0.5% sodium carboxymethyl cellulose (CMC), test samples were given orally to the test animals The control group animals received the same experimental handling as those of the test groups except the drug treatment was replaced with appropriate volumes of dosing vehicle. Indomethacin (10 mg/kg and 0.5 mg/ear) and acetylsalicylic acid (100 and 200 mg/kg) in 0.5% CMC were used as reference drugs.
Anti-inflammatory activity
Carrageenan-induced hind paw edema model
The carrageenan-induced hind paw edema model was used for the determination of the antiinflammatory activity (Yesilada and Kupeli, 2002) . 60 min after the oral administration of a test sample or dosing vehicle, each mouse was injected with a freshly prepared suspension of carrageenan (0.5 mg/25 μl) in physiological saline (154 nm NaCl) into the subplantar tissue of the right hind paw. As the control, 25 μl saline solution was injected into the left hind paw. Paw edema was then measured every 90 min during 6 h after induction of inflammation. The difference in footpad thickness between the right and left foot was measured with a pair of dial thickness gauge calipers (Ozaki Co., Tokyo, Japan). Mean values of treated groups were compared with those of a control group and analyzed by using statistical methods. Indomethacin (10 mg/kg) was used as the reference drug.
PGE1-induced hind paw edema model
The PGE1-induced hind paw edema model used for the determination of the anti-inflammatory activity was evaluated as given by Kasahara et al. (1985) . 60 min after the oral administration of a test sample or dosing vehicle, each mouse was injected with a freshly prepared suspension of PGE1 (1 μl) in Tyrode's solution into the subplantar tissue of the right hind paw. As the control, 5 μl Tyrode's solution were injected into the left hind paw. Paw edema was measured every 15 min during a period of 75 min after the induction of inflammation. The difference in footpad thickness between the right and left foot was measured with a pair of dial thickness gauge calipers (Ozaki Co.) . Mean values of the treated groups were compared with those of the control group and analyzed by using statistical methods. Indomethacin (10 mg/ kg) was used as reference drug.
TPA-induced mouse ear edema
Each mouse received 2.5 μg of TPA dissolved in 20 μl of 70% EtOH (De Young et al., 1989) . This was applied by an automatic pipette in 20 μl volumes to both anterior and posterior surfaces of the right ear. Simultaneously the left ear (control) received the same volume of solvent (70% EtOH). Indomethacin (0.5 mg/ear) was used as reference drug. For the evaluation of the activity, two different ways were followed:
1. The thickness of each ear was measured 4 h after induction of inflammation using a gauge calipers (Ozaki Co.). The edema was expressed as the difference between the thickness of the right and left ears due to TPA application, and consequently inhibition percentage was expressed as the reduction of thickness with respect to the control group.
2. 4 h after administration the animals were killed under deep ether anesthesia. Discs of 6 mm diameter were removed from each ear and weighed in balance. The swelling was estimated as the difference in weight between the punches from right and left ears and expressed as an increase in the ear thickness.
Antinociceptive activity
The p-benzoquinone-induced abdominal constriction test (Okun et al., 1963) was performed on mice for the determination of the antinociceptive activity. According to the method evaluated, 60 min after the oral administration of a test sample, the mice were intraperitoneally injected with 0.01 ml/g body weight of 2.5% (w/v) p-benzoquinone solution in distilled water. Control animals received an appropriate volume of dosing vehicle. The mice were then kept individually for the observation, and the total number of the abdominal contractions (writhing movements) was counted for the following 15 min, starting 5 min after the PBQ injection. The data represent the average of the total number of writhes observed. Antinociceptive activity was then expressed as the percentage change from writhing controls. Acetylsalicylic acid at 100 and 200 mg/kg doses was used as the reference drug in this test.
Acute toxicity
Animals employed in the carrageenan-induced paw edema experiment were observed during 48 h, and morbidity or mortality was recorded, if happens, for each group at the end of the observation period.
Gastric-ulcerogenic effect
After the antinociceptive activity experiment, mice were killed under deep ether anesthesia, and the stomach of each mouse was removed. Then the abdomen of each mouse was opened through the greater curvature and examined under a dissecting microscope for lesions or bleedings.
Statistical analysis of data
Data obtained from animal experiments were expressed as the mean standard error (ð SEM). Statistical differences between the treated and the control groups were evaluated by ANOVA and Students-Newman-Keuls post-hoc tests. p Ͻ 0.05 was considered to be significant [* p Ͻ 0.05; ** p Ͻ 0.01; *** p Ͻ 0.001].
Result and Discussion
Major constituents from the aqueous extract of Verbascum salviifolium aerial parts were investigated for their in vivo antinociceptive and antiinflammatory effects. The highest activities were observed at a dose of 200 mg/kg in both, therefore, in the following studies the compounds were administered at that dose.
Carrageenan-induced hind paw edema in mice is a biphasic event. The early phase (90Ð180 min) of inflammation is due to the release of histamine, serotonin and similar substances. While the later phase (270Ð360 min) is associated with the activation of kinin-like substances, i.e. prostaglandins, proteases and lysosome (Olajide et al., 1999) . As shown in Table I , luteolin 7-O-glucoside (1), luteolin 3Ј-O-glucoside (2), apigenin 7-O-glucoside (3) and -hydroxyacteoside (5) (Fig. 1) As a matter of fact, a similar activity pattern was observed for the PGE1-induced hind paw edema model. As shown in Table II inflammatory activity of these compounds might possibly be through the inhibition of inflammatory prostanoids. Table III shows the results of activity induced by topical administration of the isolated compounds on ear edema provoked by local application of TPA. The majority of the activities of this phorbol ester appears to involve or depend on arachidonic acid release and metabolism, which may occur simultaneously with the interaction of TPA with a receptor site on protein kinase C (Rao et al., 1993) . However, none of the compounds showed a noteworthy activity against the TPA-induced ear edema model (Table III) .
As shown in Table IV , luteolin 7-O-glucoside (1) and luteolin 3Ј-O-glucoside (2) were found to exhibit significant inhibitory activity on wriths due to antinociceptive activity. In a previous study, Lu et al. (2002) reported that apigenin 7-O-glucoside (3) and luteolin 7-Oglucoside (1) significantly suppressed the fMLPinduced superoxide generation in a concentrationdependent manner when preincubated with neutrophils. 1 and 3 also suppressed the arachidonic acid-induced and PMA-induced superoxide generation in a concentration-dependent manner, and higher activity was observed for 3 than for 1 (Lu et al., 2002) . On the other hand, the inhibitory effect of 3 on the skin inflammation induced by different generators of reactive oxygen species and free radicals, i. e. glucose-oxidase (hydrogen peroxide), xanthine-oxidase/hypoxanthine (superoxide anion radical), and cumene hydroperoxide (peroxyl radical), was studied. The results indicated that its antioxidant properties contribute to the anti-inflammatory effect in this model system (Fuchs and Milbradt, 1993) . Odontuya et al. (2005) reported that luteolin derivatives exhibit a high inhibitory activity against both thromboxane and leukotriene synthesis, important mediators of the inflammatory pathway. Results of the present study also supported the suggested structural requirements for the anti-inflammatory and antinociceptive activities of flavon glycosides, i. e. luteolin 7-O-glucoside (1), luteolin 3Ј-O-glucoside (2) and apigenin 7-O-glucoside (3), by Odontuya et al. (2005) . The presence of ortho-dihydroxy groups at the B-ring could significantly contribute to the anti-inflammatory and antinociceptive activities of flavonoids. While introduction of a methoxy function at C-3Ј, as it occurs in chrysoeriol 7-O-glucoside (4), decreases the topical activity (Odontuya et al., 2005) . In the present study, our results supported the previous findings, additionally, in a reference survey, no reports relating to the antinociceptive activities of luteolin 7-O-glucoside have been found so far. This study is the first to demonstrate that luteolin 7-O-glucoside possesses a significant antinociceptive activity. Furthermore, to the best of our knowledge, this is the first report on luteolin 3Ј-O-glucoside exhibiting anti-inflammatory and antinociceptive activities. Schapoval et al. (1998) reported that verbascoside showed inhibitory effects on histamine-and bradykinin-induced contractions of guinea-pig ileum as well as exhibited antinociceptive activity measured by the hot-plate test. To the best of our knowledge, this is the first report on the structurally related phenylethanoid -hydroxyacteoside exhibiting anti-inflammatory activity. This activity might be attributable to the existence of a hydroxy function at position of the aglycone (Jimenez and Riguera, 1994) . Further studies are required in order to reveal the possible pharmacokinetic factors which contribute to the activity of that compound.
